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© Improved method for preparing low odor polyphenylene ether resin. 

♦ 

© Odoriferous by-product compounds, e.g. 2.4.6-trimethylanisoIe, are reduced in a process for the production 
oT pSyphenylene etSer resin in liquid aromatic hydrocarbon solution by continuously distilling and recyci.no the 
aromatic hydrocarbon solvent 
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M**M> METHOD FOR MMM ">« °°<>« POtvrHHNVlHNE ETHER R6SIN 

which the toluene solvent recycle Is distilled to reduce me com* 
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BACKGROUND OF THE INVENTION 



Polyphenylene ethers (also known as P*l*^ In 
recent years there has developea an invec»...y 

packaging applications. . ^ An « nl thnt tha oolvohenylene ether be free from 

in^of ve toed P-*^»3S^; Zd^se h^L food, various materials of 
materials which are volatile, have undearabte odors or wouio 0 jaikyl«nines such as di-n- 

this Wnd may be present in P^ 6 ^ 9 ™^^ ^^aration of po.ypheny.ene ethers as 
butylamine. which are components of the catalyst used m n 9 P p . |8 of ^ substituted phenols 

described hereinafter. Also present may be by-productt ^formed to * e ^ imothyM ,4-phenytene ethers), 
from which the polyphenylene ethers are prepared. >" dihydrobenzofuran (7-MDBF); 2,3- 

these frequently include 2.4,6-trimethylan.SOle (2 of 2.4.6-mmethylaniso.e is 
dihydrobenzofuran; 2.6-<*methcyclohexanone and 2-ethylhex 2-enal. He 

particulariy crucial because of its pronounced odor. . recyc i e d liquid aromatic hydrocarbon 

Conventionally, poiyphenylene e*er Is J«2^SSi^S to the continuous build up of 
solvent, which has a high concentration urf the polyphenylene ether monomer. A 

impurities in the solvent, as compart ID odorjerou causing undesirable 
high concentration of odoriferous materials , ^J^^^ applications, as little as 10 parts per 

rSr b rrr^v^ 

problem with many plastics processors. ^^^T^ work has been the remove, of res,dua. 

SKftSfta S»^X«S-5r- - number 206,174, 

filed 6/13/88. attorney's docket 33^2038 (JCN^_ polyphenylene ether resin in the inWal 

The present invention sets forth a method I to produce a «° P synthesis, such as 2.4.6- 

production stage by reducing phenol ^^^"^duS'am.ne components during 
trimethylanisote and 7-methyldihydrobenzofuran. but not the reduction or 



post-production extrusion stages. 

DESCRIPTION OF THE DRAWINGS 



«. ether »sin. ^ ^ pracMM to prrfucBor.olto.odo. 



SUMMARY OF THE INVENTION 



. Accordi* to the present invention there are ^^J^Z^ ^SS^SZ a 
poly^SnyS ether resin comprising — - products 

norVrSly Hqud aromatic hydrocarbon ,n a a Gi-C, alcohol to the polymer solution 

are substantially complete and recovering said resin by addrnon or 
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r*,™™™ and recycling said aromatic hydrocarbon containing said by-products, in which the 
^rov^r^LTSparating said aromatic hydrocarbon and said by-products and dicing to reduce 
IhTSntert of sS by-products and thereafter recycling said aromatic hydrocarbon essentally free of by- 

^Prefe^y 9 T^n^ ether comprises P o. y (2.^imethy,1^heny.ene ether) poly (2*)- 
H ^rhJ^artrimemvM^phenylene ether) or a mixtur thereof; the phenol feed .nto the reactor 
Tr^i^X ^^ comprises toluene; the reaction catalyst comprises a complex 

copper amine; and the Ct to Cs alcohol comprises methanol. ♦„,„„,. ^ 

Essential to the present invention is a distillation process to remove .mpurrt.es from the toluene recycle. 
Prefe^Tt dTstiiLn process comprises a distillation column of 45 sieve trays and reduces .the 7- 
Xldihydrobenzofuran concentration to from, about 0.5 to about 50 parts P**-"^ ^ *° *' 4 ' 6 
trimettiylanisole concentration to from about 0 to about 5 parts per rn.ll.on m the dishlled toluene recycle. 
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DETAILED DESCRIPTION OF THE INVENTION 



The polyphenylene ethers to which' the present invention is applicable are known in the art and are 
deseed Numerous publications including Hay. U.S. 3.306.874 and 3.306.875 and generally comprise a 
20 plurality of structural units having the formula 




m each of said units independently, each Q, is independently halogen, primary ™ SeC °^^ r ??Z 
r?e aTkyTco^teining up to 7 carbon atoms), phenyl, haloalkyl. aminoalkyl. hydrocarbonoxy. or halohydroca^ 
^w whtS at least two carbon atoms separate the halogen and oxygen atoms; and each Q 2 .s 
%£Z*£Z*^ rSog^Hrimary or secondary lower alkyl. phenyl, haloalkyl. hydrocarbonoxy or 

- SdinCrdefiS foJ £ - Samples of ^^T7^Z^V ??%3& 
nronvl n-hutvl isobutyl. n-amyl. isoamyl. 2-methylbutyl. n-hexyl. 2.3-dimethylbutyl. 2-. 3- or 4-metny.pen 
«2d ^eSSnghepW. groups" Examples of secondary lower alkyl groups 
_ M ' , p JTrablv anv alkvl radicals are straight chain rather than branched. Most often, each Qt is 
X*rXe™l^*7^ Sri and each'* Is hydrogen. Suitabie polyphenylene ethers are 

40 * s r* suitab,e ~r 

*JZSS^S^ 2UmethyM.4-pheny.ene ether units. ^f^^7^e^Z 
copolymers containing such units in combination with (for example) ?^*X*'£^Zl>T 
untts Many suitable random copolymers, as well as homopolymers, are Asclosed in the patent ^erature. 

46 AI^Lded are the coupled polyphenylene ethers in which the coupling agent » reacted in known 
^SZE&SSS* of^potyphenylene emer chains to produce a higher ^.arwe.gm 
pTmer containing the reaction product of the hydroxy groups and the coupling agent. Illustrative coupUng 
agents are low molecular weight polycarbonates, quinones. heterocycles and «°rma^ 

The polyphenylene ether generally has a number average molecular ^^J^^"^ 

80 3 000 - 40 000 and a weight average molecular weight within the range of about 20.000 - 80,000 as 
dSLnS?* psrmeaL chromatography, te intrinsic viscosity is most often in the range of about 
n - 0 6 d\Ja as measured in chloroform at 25 C. 

ifiSXZEZm, are typically prepared by the oxidative coupling of at ^ one co^spond- 
ino monohydroxyaromatlc compound. Particularly useful and readily available monohydroxyaromatc com- 

56 Q. * methyl and each Ch is hydrogen). OT*>rt^ ma 

£e characterized as a poly(2,6-dimemyM.4-phenylene ether), and 2.3.6-trimethylphenol (wherem each Q, 
and one Cfe is methyl and the other Q2 is hydrogen). 
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cataiysts am disclosed, for example, in US »££»f br0ITll decr iodide) ions and at least 

are usually combinations of cuprous or cupnc ions, hai.de (..e.. cnion 

one amine. ^„«h s constitute a second preferred class. They are 

Catalyst systems containing manganese compounds C0 ™™J n g ^ onS & halide. alkoxide or 

generallylaYne systems in which divalent ^9^^°^ 2 one or more complexing and/or 
phenoxide. Most often, the manganese .s P/esent^ a wjPjJJ^ ^eg^ydroxyaromabc al- 
chelating agents such as dialkylammes ■ -JSSo«| polymeric), o-hydroxyaryl oxunes 

dehydes oJydroxyazo compounds. ^y d ^ m ^ S^stems^uitabie manganese and cobart- 
and ^ketones. Also useful are known "^^i^^So^ are known in the art by reason of 
containing catalyst systems for polyphenylene ether preparation are 

disclosure in numerous patents and P"^ 3 ^ synthesis, such as 2.4.6-trimethylanisole and 7- 

The odoriferous impurities, by-products of the monom JJJJJ^m by distillation. The distillaton may 
methyWihydrobenzofuran and removed from J^ 9 ^ de ^ b to , u9 ne stream is fed into a 
be performed in any suitable conventional d.stiHation column. Tne n** ^ phases a the 

column shall comprising various plates or trays, ^ "e u^to on g d The tolu e„e 

feed materia, into Intimate contact stacked on* at the top of the column, while the 
solution is boiled and the pure toluene vapor ,s coHected ^ ^ number of trays necessary .s 

impurities remain Rquid and are collected at M Mkmo f£ used. Suitable for the 

dependent upon the degree of purity desired in the delate _ana m nu mber. 
practice of th* invention are sieve type trays ranging fron ^about 40toamn ^ q{ byiJrodu ct 

Distillation is carried out to render the present in the recycle aromatic 

content Essentially free is defined as ^J^^^^^Z^Lon zone results in a very low 
hydrocarbon such that recycling the aromatic W°^*^?Z recycle aromatic hydrocarbon is 
odor product resin. Preferably, the 2 - 4 '^"^ is reduced to less than 

reduced to less than about 5 parts per m.lhon and ^^yi«nyoro ^ q to(uene 36 

aboutlo parts per million. Referring to Rgure ^^^^rS^ 6 Is preconcentrated in 
and fed into reactor 4 where polymenzatlon The preconcentrate is transported 

vessel 8 wherein some of the toluene solvent is f^.^"^^ with methanol solvent introduced 
through conduit 12 into an Isolation tank 14 where the ^ S p ^ ^d is removed through exH port 16 
through Wet 18 to remove the remaining tolue^.Jr* poller « dneo^ ^ ^ t 

as low odor product resin. The «*"»«"^ S3 «»** 24. Recovered toluene « 

recovery system 22. Waste from recovery system22 ^ m withdrawn through line 28 

fed ^SS conduit 26 Into distillation column 30. ^^"^^Trhe toluene distillate stream 32 
and i with stream 24 and sent to ^"^^l^ recycle toluene which Is returned 
is merged with previously separated toluene stream 10 to form pu 

through conduit 36 to reactor 4. . flit more de tailed. schematic of low odor PPE 

T^e flow diagram of Figure 2 shows a "^J ^reooncentrator 10' and the stream 

production; however, the ^J^^Z^^^^Tt^^ng fed into the recycle toluene 
comprising toluene recovered from * toluene stream 26 is distilled in Figure 3 

purification distillation column Instead of 0n * ^^^J Tproduction of PPE. referring to Fig. . a 
^comparison purposes, in the "£-J ^TJSor 4 where polymerization takes 
monomer 2 bput into solution with recycle toluene 36 and fed '™ore removal system 86 

plaCe^he polymer solution Is then fed ^ introduction of a "washing" 

WhM the Viymer solution Is freed *o««-*^tjndoj» solution is then fed into 

licuid ihrough conduit 38 which is then wrthdrawn froug toluene solvent Is separated and 

a preconcertration vessel 8 through ^^^SSd *Sgh conduit 12 into an isolation and drying 
removed in conduit 10. The preconcenkate « *J2St tt^n*. isolation and drying vessel, the res.ni s 
vessel 14. wfth emulsion water introduced through conduit 4Zto the s ^ to , uene . The 

precipitat d with methane, solvent M M \ « nd ^ » ^d resin. The toiuene^ethanol mbc^re 
• poly S resin is dried and removed through "^J^f^M to form conduit 50 and is fed into 
is removed Ihrough conduit 20 where rtjoi ns «h the methanol. The methanol fraction 
decanter vessel 46 wherein a portion of ^^^JTS^Sb methanol distillation column 22. The 
i s removed trom the d canter vessel through conduit 48 and is tea .mo 
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aurified methanol is taken from the top of the column 22 through conduit 18 for feeding into «he^afon 
punfied metnanoi u»* removed from the bottom as blowdown 24. Extraction 

"2 "22 CSiS S ^^is^emovit «ndurt 44 a^d joined with conduit 20. The toluene fraction from 
T de^teT 4 «S* 52 and fed into solvent column 54. Methanol which was 
^?Tn m« ^Tetarfon is removed from the solvent column 54 top through conduit 70 and later 
6 rem arnmg , *e tolue ne fra cflon .s remo^ cond.it 60 into solvent vaporator 

S *£Z t^iSTSmS- evaporator 56 top through conduit 68. Evaporator 56 bottoms exit 
I L«h «idS M f^d I are fed into Partaon unit 58. Parkson bottoms are removed through conduit 64 and 
toZe rT^ from 2 ?£kson unTsS is transported through conduit 66 and joins with conduit 68 to 
,„ tot^d^fccSnSg punfied toiuene. Conduit 26 later combines with tohiene condurt 10 from me 

>^Z™r*X:^^Z< ~ after conduits 26' and «T join « vgg* 
anoS coLmn 30' for further purification. The column bottoms are transported through «J* 
PariTson bottoms and the recovered toluene is transported through condurt 32 to form punfied recycle 

" to Te^itna.' distiilation purification of the recyCe toluene results - 3^^ lower amounts of 
odoriferous impurities irr the final resin product resulting in the producfcon of low odor resin. 
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DESCRIPTION OF PREFERRED EMBODIMENTS 

The following examples illustrate the present invention. They are not to be construed to limit the claims 
in any manner whatsoever. 

EXAMPLE 1 
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A solution of 26-xylenol 'monomer containing 500 parts per million of 2.4.6-tometf)ytenteole based on 
mon «m2 dtesoWed'Ttoluene is fed into a poly<2.e-dlmethyl-1,4-phenytene ether) pilot plant as diagram- 
££T Rrfure 3 Th^ m^omeHs allowed to polymerize in toluene solution in the presence of oxygen and 

X«nn of methanol and is collected as product The resin contains only 25 parts per million by weignt ot 
ISSiSSSS^ STmJZ from the methano.-to.uene mixtore in a *"""~> « 
fs I sent toTSSllation column for purification and recycled to the polymerization 2 one^<^l sampte m 
1^ ™^ exceot that the recycle toluene purification distillation column is omitted, as d^gramm d 

content and contains 300 parts per million by weight The results, together witn me aisuiiwu 
specifications, are set forth in Table 1 below. 
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TABLE 1 



PPE 2,4,6-TMA CONTENT 



Example 

Distillation Column 

Trays, number 
Column diameter, ft 
Feed Rate, gpm 
Bottoms Rate, gpm 
Reflux Rate, gpm 
2.4.6-TMA cone, in distillate, ppm 



PPE Proper ties 
2 46-TMA in a monomer feed, ppm 
2,4,6-TM A in product resin, ppm 

•Control Sample 



500 
300 



nf dorHerous 2 4 6-trlmethyianisole 

to only a slight reduction of 2.4.6-trtmetnyian^ 
duced with an unpurifled toluene recycle, 

EXAMPLE 2 

gQt tofth in jabie 2 togetner wim 

TABLE 2 



PPE 2A6-TMA CONT bN I - COMBINED 

RECYCLE 

Example 

Distillatio n Column 
Trays, sieve, # 

2,4,6-TMA cone, in distillate, ppm 



PPE Properties 



2.4.6-TM A in a product resin, 

. u, H**riv shows that purification of the toluene recycle swarr £ ?PE 
The above ^ V content in the PPE product resin as oppo 

^ , ♦ hrt <5A skilled In this art in light ot me 

eOC8 ^ y ^ons of ft. present = -* 
abo/e detailed description. For example, .nstead of poyt 

6 
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aa. ■ ft.«rr. a Hwi-i 4-Dhenvlene ether) or a mixture thereof may be produced. Instead of using 

» "S" 1 - , _ „ cmoouods may also Da modified. Instead al usiiig a complex 

""tS fSL ToiSTme« cSdyss eomplexe* may ba ased such those based 
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■T^TlSSnS ES^STtSi pnSmw £**»> and "caving and mcydng aid anomade 

Sr-^^ rrrj^^ Lrsr^^« 

"t ?X»s as defined la Claim 2 wherein said «<wc»d KMn. la dWfiled In a *M> clemn 
"TTSZZZ SLd in CWm , «!,»* «d paymedzato. . c«*d ee, » ton, . pa„pheny»n. 
«», main d»^9 « j^«^^"P^"8»J i l ^ kJ ^pnaa, dUsng -Id emm«i= 

pa,,pfi£,CS«^n ,s ™dac«. la a mn*. <» ton, abaa. U fi> ebon, » pe-e a» — » 
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FIG. 3 
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FIG. 4 
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© improved method for preparing low odor polyphenylene ether resin. 

© Odoriferous by-product compounds, e.g. 2.4,6- 
trimethylanisole, are reduced in a process for the 
production of polyphenylene ether resin in liquid 
aromatic hydrocarbon solution by continuously dis- 
tilling and recycling the aromatic hydrocarbon sol- 
vent. 
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